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CONVERSION FACTORS, VERTICAL DATUM, 
AND ABBREVIATED WATER-QUALITY UNITS

Multiply By

acre 0.4047 
cubic foot per second (ft 3 /s) 0.02832
foot (ft) 0.3048
foot per day (ft/d) 0.3048
foot per mile (ft/mi) 0.1894
inch (in.) 2.54
mile (mi) 1.609
square mile (mi 2 ) 2.59

To obtain

hectare
cubic meter per second
meter
meter per day
meter per kilometer
centimeter
kilometer
square kilometer

Temperature in degrees Celsius (°C) can be converted to degrees 
Fahrenheit (°F) by the following equation:

'F = (1.8 x + 32

Sea level: In this report, "sea level" refers to the National 
Geodetic Vertical Datum of 1929 a geodetic datum derived from 
a general adjustment of the first-order level nets of the United 
States and Canada, formerly called Sea Level Datum of 1929.

The following terms and abbreviations also are used in this 
report:

mg/L 
pH

yS/cm 
mL

Milligram per liter
Negative log base -10 of the hydrogen

ion activity, in moles per liter 
Microsiemen per centimeter at 25° Celsius 
Milliliter



GROUND-WATER LEVELS, FLOW, AND QUALITY IN NORTHWESTERN 

ELKHART COUNTY, INDIANA, 1980-89

By Richard F. Duwelius and Cheryl A. Silcox

ABSTRACT

Ground-water data were collected in northwestern Elkhart 
County, Indiana, from 1980 through 1989 to monitor hydrologic 
conditions and to provide information necessary for water- 
resources managers to evaluate the ground-water resources in this 
area. The area of study includes a closed industrial landfill 
and several areas of industrial and municipal pumping. Water 
levels were measured twice a year in 68 wells, and water samples 
were collected once a year from 32 wells. The wells were 
screened in unconsolidated glacial-outwash deposits primarily 
sand and gravel.

During the study, measured ground-water levels ranged from 
about 6 feet above ground level to about 29 feet below ground 
level. The average depth to water for all wells was 10 feet, and 
the average water-level fluctuation for the entire study period 
was 4.8 feet. In the study area, ground water flows toward the 
St. Joseph River. Water levels near the river are higher than 
the stage of the river, indicating that ground water is 
discharged to the river.

Water samples were collected and analyzed to determine 
concentrations of dissolved bromide. Onsite measurements of 
specific conductance, pH, water temperature, and concentrations 
of dissolved oxygen and alkalinity were made at the time of 
sampling. The water samples had a median specific conductance of 
516 microsiemens per centimeter at 25 degrees Celsius, a median 
ph of 7.6, a median alkalinity of 216 milligrams per liter (as 
calcium carbonate), and a median dissolved-bromide concentration 
of 0.08 milligrams per liter.

Water-quality data were grouped according to the depth and 
position of the wells in the flow system with respect to the 
closed industrial landfill. Shallow wells are those less than 
100 feet deep; deep wells are those more than 100 feet deep. 
Comparison among groups indicates that water from shallow wells 
downgradient from the landfill had larger values of specific 
conductance, larger concentrations of alkalinity and dissolved 
bromide, and smaller values of pH than did water from shallow 
wells upgradient from the landfill and water from deep wells 
throughout the study area.



Concentrations of dissolved bromide were used to estimate 
the extent of the landfill's effect on ground-water quality by 
plotting and contouring the concentration values on maps and 
hydrogeologic sections. The maps show a plume of bromide 
extending south of the landfill along the direction of ground- 
water flow. The hydrogeologic sections indicate that water 
containing bromide is moving vertically downward in the 
unconfined aquifer beneath and downgrfldient from the landfill. 
Maps and sections for different time periods were compared to 
determine how the distribution of bromide was changing. Although 
dissolved-bromide concentrations in water from individual wells 
were variable, the distribution of dissolved bromide did not 
change substantially during the study period.

The time of peak dissolved-bromide concentrations in water 
from shallow wells downgradient from the landfill was used to 
estimate a rate of horizontal flow of water in the unconfined 
aquifer. The average rate of flow between shallow wells 
downgradient from the landfill was estimated to be 1.2 feet per 
day. This rate is within the range of values for ground-water 
flow calculated according to Darcy's law.

INTRODUCTION 

Background

The city of Elkhart, Indiana, obtains its public water 
supply from well fields screened in a thick sand and gravel 
aquifer. Water quality in this aquifer has changed in some areas 
in and near Elkhart by disposal of liquid and solid wastes. 
Volatile organic compounds have been detected in the ground water 
near an industrial park in east Elkhart and at the city's Main 
Street well field (Imbrigiotta and Martin, 1981, p. 2). Donahue 
and Associates, Inc. (1990, p. 2-2) reported that leachate from a 
closed industrial landfill in northwestern Elkhart County has 
penetrated the shallow unconfined aqu:.fer and increased the 
concentration of metals and volatile organic compounds in the 
ground water beneath and downgradient from the landfill.

In 1977, the U.S. Geological Surrey (USGS), in cooperation 
with the Indiana Department of Natura^ Resources and the Elkhart 
Water Works, began a study of the ground water in northwestern 
Elkhart County (Imbrigiotta and Martin, 1981). At the end of 
that study, a ground-water monitoring program was established to 
measure water levels and collect water-quality samples from 
selected wells in the study area. The monitoring program was 
designed to provide information that could be used to evaluate if 
changes were occurring in the ground-water-flow system which were 
caused by industrial and municipal pumping and what the long-term 
effects of a closed industrial landfill were on ground-water 
quality in the area. The USGS, in cooperation with the Elkhart 
Water Works, began the monitoring program in 1982.



Purpose and Scope

This report presents the results of the ground-water 
monitoring program in northwestern Elkhart County along with 
previously unpublished data from the study by Imbrigiotta and 
Martin (1981). Data collected from 1980 through 1989 are 
included. Water levels from 68 wells and water-quality data from 
32 wells are presented and discussed. Statistical summaries of 
the data are included. Water-level data are listed in tables and 
shown on selected maps and hydrographs. Water-quality data are 
listed in tables and shown on selected maps, hydrogeologic 
sections, and graphs. The distribution of water containing 
dissolved bromide is used to delineate the approximate boundaries 
of a leachate plume near the closed industrial landfill. Changes 
in dissolved-bromide concentrations during the study are 
discussed, and the rate of flow of ground water is estimated from 
the time of peak bromide concentrations in water from wells 
downgradient from the landfill.

Study-Area Characteristics

The following brief descriptions are provided to give the 
reader an overview of the important characteristics of the study 
area. Those readers who want more detailed descriptions are 
referred to the report by Imbrigiotta and Martin (1981) and to 
the other publications that are referenced in this report.

Location and Description

The original study area investigated by Imbrigiotta and 
Martin (1981) included 120 mi 2 in northwestern Elkhart County 
in north-central Indiana (fig. 1). The study area of the 
ground-water monitoring program includes the northwestern 
part of the original area of which a 20-mi 2 area on the 
northwestern side of the city of Elkhart is of primary 
interest (fig. 1) .

Elkhart is the largest city in northwestern Elkhart County 
and includes an area of about 17 mi 2 . The population of Elkhart 
was 43,100 in 1980, and the population of the city urbanized area 
was 68,000 (Elkhart Chamber of Commerce, 1990). Industrial 
activities in and near Elkhart include the manufacture of 
pharmaceuticals, recreational vehicles, mobile homes, and band 
instruments. Agriculture is the predominant land use in Elkhart 
County and includes dairy, poultry, and fruit farming 
(Imbrigiotta and Martin, 1981, p. 4).
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The Himco landfill, which is generally referred to as 
the "landfill" in this report, is in the northwestern part of 
Elkhart near the intersection of County Road 10 and the northern 
extension of Nappanee Street (fig. 1). The filled area occupies 
approximately 30 acres that were originally a swamp. During 
1960-76, the landfill was used primarily to dispose of commercial 
and industrial wastes. Only small volumes of domestic wastes 
were disposed of at the site. Calcium|sulfate, used in the 
manufacture of pharmaceuticals, was disposed of in large 
quantities at the site and was used as a substrate for the final 
cover (Donahue and Associates, Inc., 1990, p. 2-1). At the time 
of closing, the elevation of the surface of the landfill ranged 
from 5 to 15 ft above the original ground level.

Physiography and Climate

The study area is part of the St. Joseph River basin that 
drains the region from east to west. The basin is part of the 
Northern Moraine and Lake Region described by Malott (1922, 
p. 112) and Schneider (1966, p. 50). The land surface is nearly 
flat near the St. Joseph River and grades to rolling topography 
in the northern and southern parts of the original study 
area. Land-surface altitudes range from about 740 to 950 ft 
above sea level.

Elkhart County has a temperate climate, with a mean annual 
temperature of.9.8 °C and a mean annual precipitation of 
33.7 in. For 1951-80, the mean monthly temperature varied from 
-4.8 °C in January to 22.7 °C in July, and the mean monthly 
precipitation varied from 1.58 in. in February to 3.66 in. in 
August (National Oceanic and Atmospheric Administration, 1982).

Geology

- The study area is underlain by shale bedrock of Devonian and 
Mississippian age (Johnson and Keller, 1972). The bedrock 
surface ranges from about 300 to 650 ft above sea level (fig. 2). 
Structurally, the bedrock is part of the Michigan Basin and dips 
about 30 ft/mi to the northeast (Indiana Department of Natural 
Resources, 1987, p. 15). The most prominent feature of the 
bedrock surface is a preglacial valley trending from south to 
north through the west-central part of the study area. Overlying 
the bedrock are unconsolidated deposits of glacial origin 
classified primarily as valley-train-outwash deposits (fig. 3). 
These deposits range in thickness from about 85 to 500 ft and 
contain thick layers of sand and gravel with interbedded silt and 
clay (Imbrigiotta and Martin, 1981, p. 1).



Hydrology

The St. Joseph River, a tributary to Lake Michigan, is the 
principal surface-water feature in the region. Other streams 
include the Elkhart River, Christiana Creek, Pine Creek, and 
Baugo Creek. All surficial drainage flows to the river 
or its tributaries and leaves the study area at the western 
boundary. The average discharge of the St. Joseph River at 
Elkhart (fig. 1) is 3,204 ft 3 /s for the 41-year period from 1947 
through 1988. The maximum instantaneous discharge during that 
period was 18,000 ft 3 /s in February 1985, and the minimum daily 
discharge was 336 ft 3 /s in August 1964 (Glatfelter and others, 
1989, p. 202). The drainage area of the St. Joseph River at 
Elkhart is 3,370 mi 2 .

The principal aquifers are contained in the unconsoli- 
dated glacial-outwash deposits. Throughout most of north­ 
western Elkhart County there are two layers of sand and gravel 
separated by a layer of silt and clay that averages 20 ft in 
thickness (Imbrigiotta and Martin, 1981, p. 15). Where the silt 
and clay layer is present, it divides the glacial deposits into 
an upper unconfined aquifer and a lower confined aquifer. The 
confining layer is absent near the landfill. The calculated 
average horizontal hydraulic conductivity of the aquifer 
materials in the study area is 80 ft/d in sand and 
400 ft/d in sand and gravel (Imbrigiotta and Martin, 1981, 
p. 24). The horizontal hydraulic conductivity of the con­ 
fining layer is assumed to be small, about 0.1 ft/d. Vertical 
hydraulic conductivities were not directly determined for the 
aquifers and confining layer; however, a ratio of vertical to 
horizontal hydraulic conductivity of 1:10 was determined by Meyer 
and others (1975, p. 19) for an outwash-aquifer system similar to 
that underlying northwestern Elkhart County. Ground-water flow 
is primarily horizontal and toward the St. Joseph River and 
smaller streams. Water levels in wells near the St. Joseph River 
are as much as 6 ft higher than the river stage, indicating that 
ground water discharges to the river.
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METHODS OF INVESTIGATION 

Data-Collection Network

Ground-water levels were measured at 68 wells, and water 
samples were collected from 32 wells. |The locations of the wells 
are shown on figures 4 and 5, and a complete description of the 
wells in the Elkhart monitoring network is listed in table 1. 
The wells were part of the original network of approximately 
170 wells installed during 1977-79 for the previous hydrologic 
investigation by Imbrigiotta and Martin (1981). The well- 
numbering system from that investigation was retained for this 
study. The wells are divided into three groups: (1) county 
wells, (2) landfill wells, and (3) river wells. County wells are 
located throughout the study area and are designated by site 
numbers (figs. 4 and 5), which in table 1 can be followed by an S 
or a D, signifying that the wells are shallow or deep in relation 
to each other. County wells have 2-in. nominal inside-diameter 
casings and are constructed of black steel. They were installed 
by either auger or mud-rotary methods to depths ranging from 
about 12 to 214 ft (table 1). Wells located near the landfill 
are designated by site letters A through Q (fig. 5) followed by a 
single-digit number in table 1. Landfill wells have either 2-in. 
or 5-in. nominal inside-diameter casings. Casing materials may 
be polyvinyl chloride, galvanized steel, or black steel. The 
well depths range from about 12 to 342|ft (table 1). Wells also 
are located near the St. Joseph River or Christiana Creek 
(figs. 4 and 5). Wells near the rivers are designated by the 
letter R followed by a one- or two-digit number. These wells 
have 2-in. nominal inside-diameter casings and are constructed 
of black steel. Well depths range from about 20 to 24 ft.

Water-Level Measurements
I 

Elkhart Water Works employees measured water levels in the
monitoring wells twice a year in the spring and fall. Measure­ 
ments were made by means of an electrical water-level indicator. 
The depth to water in each well was referenced to a measuring 
point at the top of the well. Measuring-point altitudes are 
referenced to sea level and were determined by leveling from 
known altitudes during the previous study.

The wells were maintained by the Elkhart Water Works. 
Several of the wells were damaged during the study, and the 
measuring points were repaired as nearly as possible to their 
original altitudes. Elkhart Water Works employees also did slug 
tests in each well once a year to determine if the well was open 
to the aquifer. Wells that were plugged were redeveloped by 
jetting with compressed air.

12



Water-Quality Samples

Water-quality samples were collected once a year, generally 
in late summer (July and August), by Elkhart Water Works and 
USGS employees. The sampling procedure was the same for all 
wells and is summarized below:

(1) Water levels were measured with a steel tape and 
chalk prior to sampling each well. The water 
level was used with the well depth and casing 
inside diameter to calculate the volume of water 
in the well.

(2) The wells were pumped by means of one of three 
types of pumps: (1) submersible, (2) centrif­ 
ugal, or (3) peristaltic. The type of pump used 
depended on the depth to water, the volume of 
water in the well, and the casing diameter. 
The pumping rate was measured to determine the 
time necessary to evacuate the volume of water 
in the well.

(3) Onsite measurements of specific conductance, pH, 
water temperature, and dissolved oxygen were made 
with a four-parameter multiprobe instrument. The 
measuring-probe sonde was placed in a flow chamber 
at the surface to make the measurements. Well 
water was pumped into the bottom of the flow 
chamber, up past the probes, and out the top of 
the flow chamber. The instrument was calibrated 
each day with prescribed standards and was recal­ 
ibrated during sampling if problems were noticed.

(4) To ensure that the water sample was representative 
of water in the aquifer, the wells were pumped 
until a volume of water equal to at least three 
casing volumes was removed from the well before 
the sample was collected. Specific-conductance 
measurements were made every 5 minutes during 
pumping until three successive measurements dif­ 
fered by less than 10 yS/cm.

(5) Samples were collected after the evacuation and
stabilization criteria were met. Samples for dis­ 
solved bromide and field alkalinity were collected 
by use of a peristaltic pump. The bromide sample 
bottle was rinsed with sample water, and the sample 
was filtered through a 0.45-micrometer membrane 
filter. Bromide samples were chilled for storage 
before delivery to the laboratory.

13
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Table 1.--Description of wells In the Elkhart monitoring network

We) 1

number

Lat 1- 

tude *

Longi - 

tude

Date 

instal led

Method 
of

dri 1 1 i ng

Wel 1 
depth

2 (feet)

Screen 
1 engt h

(feet)

Cas i ng 
diarnet er

( i nches )

Cas ing 

mat er i a 1

Aqu i - 
fer

type

Count y wells

IBS

15D

17S

17D

20

22

23S

23D

29S

29D

30S

30D

31

34S

34D

35S

35D

41S

41D

48

49

51

52

A 1

A2

Bl

B2

B3

B4

C1

C3

C4

Dl

D2

D3

El

E2

E3

41 °39

41 °39

4 1 °40

41 °40

41 °41

4 1 °4 1

4 1 °41

4 1 °4 1

4 1 °42

4 1 °42

4 1 °43

41 °43

4 1 °42

4 1 °44

4 1 °44

4 1 °44

4 1 °44

41 °45

41 °45

4 1 °42

41 °42
o

41 41

4 1 °42

41 °42

41 °42

41 °42

41 °42

41 °42

41 °42

41 °42

41 °42

41 °42

4 1 °42

41 %2
o

41 42

4 1 44

4 1 °44

41 %4

 54"

 54"

 38"

 38"

 42"

 30"

'29"

 29"

 58"

'58"

 01 "

'01 "

 59"

'08"

 08"

'01 "

'01"

 32"

 32"

 56"

'53"

' 25"

'53"

' 16"

' 16"

'35 1-

'35"

 35"

 35"

  25"

 25"

1 25"

'35"

 35"

 35"

 46"

'46"

 46"

85°58 '

85°58'

86°00'

86°00 -

86°01 '

85°55 '

85° 55
85°55'

85°53'

B5°53 '

B5°56'

85°56'

86°00'

B6°01 '

86°01 '

85°58"

85°58"

85°52'

85°52'

86° 20'

86°00'

85 59 1
85°54'

86°01 '

86°01 '

86°00'

86°00'

86°00'

86°00'

86°00'

86°00'

86°00'

86°00'

86°00'

86 00'

86 00'
86°00'

86°00'

36"

36"

20"

20"

54"

05"

05"

05"

18"

18"

46"

46"

03"

57"

57"

22"

22"

16"

16"

40"

48"

1 1 "
49"

23"

23"

37"

37"

37"

37"

48"

48"

48"

15"

15"

15"

25"

25"

25"

10/06/77

1 1 /28/77

10/06/77

10/19/77

09/28/77

09/ 14/78

1 1/01/77

11/15/78

10/26/77

1 1/15/78

10/ 14/77

1 1 / 14/78

09/29/77

10/05/77

10/ 18/77

1 1/01/77

10/20/77

10/27/77

1 I/ 16/78

09/30/77

09/27/77

09/30/77

1 1 /OB/77

Wel 1 s

10/04/77

10/13/77

10/06/77

1 1/03/77

10/ 17/77

10/07/77

10/04/77

10/05/77

10/05/77

10/ 13/77

10/03/77

10/03/77

10/1 1/77

1 1/03/77

10/ 1 1/77

A

R

A

R

A

A

A

R

A

R

A

R

A

A

R

A

R

A

R

A

A

A

A

near the

R

A

R

A

R

R

R

R

R

A

R

R

R

A

R

23

151

23

173

24

1 1

24

140

24

130

24

172

26

24

189

24

131

24

214

24

24

24

24

landf

135

13

473

1 I

135

173

342

197

130

19

176

90

81

17

176
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.0

.8

.0

. 1

. 7

.3

.0

. 1

.0

.0

.0

.2

. 1

.0

. 1

.0

.0

.0

. 1

.6

. 2

.0

i 1 1

.0
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.0

.9

.0

.0

.0

.0

.0

.3

.0

.0

.0

.4

.0

2.

4 .

2.

5.

2.

2.

2.

4 .

2.

4 .

2.

4 .

2.

2.

5.

2.

5.

2.

4 .

2 .

3.

2.

2.

10.

10.

6.

10.

10.

5.

5.

5.

10.

10.

5.

10.

10.

10.

5.

5

0

5

0

5

5

,5

,0

.5

.0

,5

0

5

.5

,0

5

0

5

.0

.5

.0

.5

5

.0

.0

.0

0

,0

0

.0

.0

.0

0

.0

.0

.0

.0

.0

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

5

2

5

2

5

5

5

5

5

2

5

5

5

2

5

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

PVC

BS

PVC

BS

PVC

PVC

PVC

PVC

PVC

BS

PVC

PVC

PVC

BS

PVC

U
u 5

U
u 5

u
u
u
c
u
c
u
u 5

u
u
c
u
c
u
c
u
u
u
u

u 5

u
u 5

u
u 5

c
u 5
u 5
u 5

u
u 5

u
u
u
u 5
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Table 1.--Description of wells in the Elkhart monitoring network   CentInued

Method Wel 1 Screen
Wel 1

number
Lati­

tude 1

Longi -

tude
Date of depth 1 ength

installed drilling 2 (feet| (feet)

Casing
di ameter

( inches)

Casing

mat eri a 1

Aqui -
fer

type

Wells near the 1 andf i M --Cont inued

F1

F2

F5
G1

G3
H2
H4

I 1
12
13
J1
J2
J3
K1
K2
K3
LI

L2
L4
Ml
M2
N

0
P

Q

Rl

R2
R3
R6
Rl 1

1 0
, degrees

A . auger ;
DC bi 1 « «. 1.

41 42'10"
41 °42' 10"

4 1 ° 4 2 ' 10"
41 °42-35"
41 °42'35"
41 °42' 10"

41 °42' 10"

41 °4 1 '48"

41 °41 '48"

41 °4 1 -48"

41 °41 '55"

41 °41 '55"

41 °41 -55"

41 °41 ' 25"

41 °41 ' 25"

41 °41 '25"

4 1 °41 -44"

41 °4 1 '44"

41 °4 1 -44"

41 ° 4 2 ' 19"

4 1 ° 4 2 ' 1 9 "

4 1 ° 4 2 ' 14"
41 °42' 23"

41 °42 ' 14"

41 °41 '59"

41 °40'40"

41 °4 1 '34"

41 °41 -43"

42°44'22"

41 °43'22"

85 59-56"
85°59'56"
85°59'56"

85°59'29"

85°59' 29"
85°58-45"
85°58'45"
86°00' 18"
86°00' 18"
B6°00' 18"
85 ° 59'4i "
85 ° 59'41 "
85° 59'41 "
B6°00-03"
86°00'03"
86°00'03"

B6°01 -05"
B6°01 -05"
B6°01 "OS"
86°00'25"
B6°00'25"
86°00'37"
86° 00 ' 13"

86°00' 13"
86°00- 22"

B6°02'03"

B5°58'08"
85°57-53"
85°59' 16"
85°59- 17"

10/13/77 A

10/12/77 R
10/11/77 R
10/17/77 R

10/17/77 R
10/20/77 R
10/20/77 R
10/13/77 R
11/03/77 A
10/13/77 R
10/12/77 R
11/02/77 A
10/12/77 R
10/13/77 R
11/02/77 A
10/13/77 R
10/14/77 R
10/14/77 R
11/03/77 A
05/03/79 A
05/02/79 A
04/30/79 A

05/01/79 A
05/03/79 A
04/26/79 A

31 .5
155.0

198.0
43.0

10.0

5.0
10.0
5.0

172.0 10.0
43.0 5.0
108.0 10.0
168.0 5.0
15.4 10.0
37.0
40.0
17.8

154.0
62.0
14.6

185.0

62.0
185.0
17.2

103.6
25.2
30.0
30.0
25.0
25.0

Wel Is near the rivers

09/12/78 A

09/13/78 A
09/13/78 A
09/18/78 A
09/13/78 A

20. 2
22.5

5.0
5.0
10.0
5.0
5.0
10.0
5.0

5.0
5.0
10.0
5.0
5.0
5.0
5.0
5.0
5.0

4.0

4.0

23.5 3.0
22.8 2.5
22.2 3.0

2

5
5

5
5
5
5
5
2
5
5
2
5
5
2
5

5
5
2
2
2
2
2
2
2

2
2
2
2
2

PVC
PVC
PVC
PVC

PVC
PVC
PVC
PVC
BS
PVC
PVC
BS
PVC
PVC

BS

PVC

PVC

PVC

BS

GALV

PVC

PVC

PVC

PVC

PVC

BS

BS

BS

BS

BS

U

C

C
U
C
u
c
c
u
u
u
u
c
u
u
c
u
c
u
u 5

u
u
u
u
u

u
u
u
u
u

; '. minutes; ". seconds.
R . rotary .

 , _ . .

U, unconfined aquifer; C. confined aquifer. J
Well is in area where confining layer is absent; however, because well Is screened in the lower part 
of the aquifer, data from this well is included with data frorti wells in the confined aquifer on 
figures and in tables.
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(6) Field alkalinity was analyzed by use of a pH meter
and a method described by Fishman and Friedman (1989, 
p. 55-56). A 100-mL unfiltered sample was titrated 
with a standard solution of sulfuric acid to a fixed 
end point of 4.5 pH units.

(7) The bromide samples were sent to USGS laboratories 
for analysis. Three different methods for deter­ 
mining the concentration of dissolved bromide were 
used by the laboratories during the study period. 
Prior to 1985, bromide concentrations were deter­ 
mined by use of colorimetric, catalytic oxidation 
(Skougstad and others, 1979, p. 329-330). In 1985, 
ion-exchange chromatography (Fishman and Friedman, 
1989, p. 115-117) was used. In 1986 and afterwards, 
bromide concentrations were determined by means of 
automated-segmented flow fluorescein colorimetry 
(Fishman and Friedman, 1989, p. 121-123).
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GROUND-WATER LEVELS AND FLOW

Ground-water levels were measured twice a year, in the 
spring and fall, by employees of the Elkhart Water Works. The 
biannual water-level measurements provided an estimate of the 
seasonal fluctuations of the ground-water levels. Wells from 
which water samples were obtained for water-quality analysis had 
an additional water-level measurement made each year at the time 
of sampling. The number of water-level measurements per well 
ranged from 10 to 27 for 1980-89. Ground-water altitudes were 
determined from the measurements and are listed in table 2 at the 
end of the report.

i
During 1980-89, measured ground-water levels ranged from 

about 6 ft above ground level in well 17D, a flowing well near 
the river, to about 29 ft below ground level in well G3. The 
average depth to water for all wells throughout the study 
area was 10 ft.

Ground-water levels fluctuate in response to the volume and 
distribution of recharge and discharge in the aquifer. The 
aquifers in the study area are recharged by infiltration of 
precipitation. Discharge occurs naturally by evapotranspiration 
and seepage to streams and artificially, by pumping. Ground-water 
levels fluctuate seasonally and generally are highest in April 
and May and lowest in September and October. Seasonal fluctua­ 
tions are shown by the hydrograph of Elkhart 5 (fig. 6), an 
observation well screened in the unconfined aquifer and equipped 
with a water-stage recorder. For 1980-89, the average seasonal 
fluctuation in this well was 2.8 ft. Similar fluctuations were 
determined from the spring and fall measurements made in moni­ 
toring wells throughout the study area. For the entire period of 
study, water-level fluctuations ranged from 1.8 ft at well Rl to 
16.9 ft at well K3. The large fluctuation at well K3 probably is 
caused by nearby ground-water pumping. L The average fluctuation 
for all wells during the entire study period was 4.8 ft.

i
Ground-water levels were plotted oh maps and contoured to 

determine the direction of ground-water! flow in the study area. 
Maps were drawn for each time that measurements were made, and 
the maps were compared to determine if changes in flow directions 
had occurred during the period of study. No substantial dif­ 
ferences were found between the maps; however, minor differences 
were noted. The differences are caused by fluctuations of the 
water levels that result in a shifting of the contour lines along 
the direction of flow. Contour lines were shifted downgradient 
for periods of high water levels and upgradient for periods of 
low water levels. Because there was no single time when all the 
water levels were highest or lowest, water levels measured during 
April 1986 were selected as representative of conditions in the 
study area.
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Water levels in the unconfined aquifer in the area near the 
landfill are shown on figure 7. The direction of ground-water 
flow is perpendicular to the contour lines and, in the mapped 
area, is generally toward the south-southeast and the St. Joseph 
River. River stage was estimated by use of the average gage 
height for April 14-19, 1986, determined from records at a USGS 
streamflow-gaging station located on the St. Joseph River 
approximately 200 ft downstream from the mouth of the Elkhart 
River. Ground-water levels near the river are higher than 
the stage of the river, indicating that ground water dis­ 
charges to the river.

The water-level map for the confined aquifer (fig. 8) shows 
the effect of pumping in an industrial area and at the Elkhart 
Water Works' Bower Street well field. The contour lines bend 
around the pumping centers and are closely spaced, indicating 
that water levels are being lowered by the pumping. The area in 
which water levels are lowered by pumping is known as a cone of 
depression. Cones of depression due to industrial pumping were 
apparent on water-level maps for the confined aquifer for each 
time that measurements were made. Cones of depression due to 
pumping from the Bower Street well field were not always 
apparent, probably because this well field is used primarily 
to supplement pumping from the Main Street well field; there­ 
fore, it is used only intermittently during periods of increased 
water demand. '

The distance between contour lines indicates the slope of 
the water surface or horizontal hydraulic gradient. In the 
area near the landfill, the hydraulic gradient increases to 
the south and is steepest near the river and areas of pumping. 
North of the landfill, horizontal hydraulic gradients in both 
aquifers average about 1.5xlO"3 ft/ft, or 7.9 ft/mi. South of 
the landfill, the horizontal hydraulic gradients average about 
2.7x10 ~3 ft/ft (14.3 ft/mi). Water levels in wells 17S and Rl 
(fig. 5), which are less than 200 ft from the river and screened 
in the unconfined aquifer, are 2 to 6 ft higher than the 
river stage, indicating that gradients near the river are steep. 
Horizontal hydraulic gradients in the confined aquifer are 
steepest near areas of pumping. For example, the gradient
measured between wells II and K3 during 
9.0x10~3 ft/ft (47.5 ft/mi).

April 1986 was

Vertical hydraulic gradients were determined at sites 
where there were two or more wells screened at different 
depths. In the study area, there are 20 sites that have at 
least one well screened in the unconfined aquifer and one 
well screened in the confined aquifer. The average difference 
between water levels was less than 2 ft at 13 of the 20 sites; 
at 8 of these sites, water levels were higher in the confined 
aquifer than in the unconfined aquifer.| Average water-level 
differences at the remaining seven sites ranged from 2.3 to
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86°03' 

4f44'

85° 58'

42'30--»-

41 40'

Base from U.S. Geological Survev Elkhart 1:24,000, 1961, revised 1981, and Osceola 1:24,000, 1969, revised 1980
EXPLANATION 

__766   WATER-LEVEL CONTOUR Shows altitude of water

\

level. Dashed where approximately located. 

Contour interval 2 feet. Datum is sea level

DIRECTION OF FLOW

1 2 MILES

0
IT 

1 2 KILOMETERS

745.0   MONITORING WELL  Number is water-level altitude 

in feet above sea level

A STREAMFLOW-CACINC STATION Number is river stage 

in feet above sea level

Figure 7.~Water levels and direction of flow in the unconfined aquifer, April 1986.
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85° 58'
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level. Dashed where approximately located. 
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745.0   MONITORING WELL  Number is water-level altitude 

in feet above sea level

A STREAMFLOW-GAGING STATION Number is river stage 

in feet above sea level

   
1 2 KILOMETERS

1 Figure 8.-Water levels and direction of flow in the confined aquifer, April 1986.
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13.1 ft. These seven sites were located either near streams or 
near areas of pumping. Near streams, water levels were higher in 
the confined aquifer than in the unconfined aquifer, indicating 
upward flow of ground water toward the stream. Near the areas of 
pumping, water levels were lower in the confined aquifer than in 
the unconfined aquifer, indicating downward flow toward the 
confined aquifer.

Vertical hydraulic gradients were determined by dividing 
the difference between water levels by the distance between 
the screened interval of each pair of wells. Vertical 
hydraulic gradients between the aquifers ranged from 9.5x10 ~5 
to 7.7xlO~2 ft/ft and had an average value of 5.5x10 ~3 ft/ft. 
The largest vertical gradients are probably across the confining 
clay and silt layer between the two aquifers. Vertical gradients 
generally were not measured within each aquifer except in wells 
at sites C and F, where vertical gradients were measured in the 
confined aquifer. At site C, upward and downward gradients were 
measured in the confined aquifer. At site F, the gradient in the 
confined aquifer was downward and is probably caused by pumping.

GROUND-WATER QUALITY

Water-quality samples were collected at least once a year 
(except in 1981) from most of the wells in the landfill area. 
The number of samples collected from each well during 1980-89 
ranged from 6 to 10. The samples were analyzed to determine 
concentrations of dissolved bromide in the ground water. Onsite 
measurements of specific conductance, ph, water temperature, 
dissolved oxygen, and alkalinity were made at the time of 
sampling. Results of the bromide analyses and onsite 
measurements are listed in table 3 at the end of the report.

During 1980-89, all of the water samples collected had a 
median specific conductance of 516 pS/cm, a median pH of 7.6, a 
median alkalinity of 216 mg/L (milligrams per liter), and a 
median dissolved-bromide concentration of 0.08 mg/L. In order to 
describe the ground-water quality in the study area adequately, 
the monitoring wells were grouped according to their depth and 
position in relation to the ground-water-flow system and the 
landfill. Wells were assigned to one of three groups:
(1) shallow wells that are upgradient from the landfill,
(2) shallow wells that are in or downgradient from the land­ 
fill, and (3) deep wells. For this purpose, shallow wells were 
defined as those being less than 100 ft deep; deep wells were 
those more than 100 ft deep. Generally, shallow wells were 
screened in the unconfined aquifer, and deep wells were screened 
in the confined aquifer.

Shallow wells that are upgradient from the landfill are 29S, 
31, 41S, Dl, D3, and Gl. Shallow wells that are in or downgrad­ 
ient from the landfill are 51, El, E2, Fl, 12, 13, Jl, J2, Kl, 
K2, M2, N, O, P, and Q. Deep wells are 29D, 41D, D2, G3, E3, F2,
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F5, II, J3, Ml, and K3. Mean, median, minimum, and maximum 
values were determined for specific conductance, ph, dissolved 
oxygen, alkalinity, and dissolved bromide for water samples from 
each well and for each group of wells and are listed in table 4. 
Median values were selected to best describe the data because 
they are not as affected, as are mean values, by extreme values 
that are common in water-quality data. |For example, water 
collected in 1989 from well D3 had an anomalously large 
dissolved-bromide concentration of 27 mg/L. The mean dissolved- 
bromide concentration of all other water samples from this well 
during the study period was 0.12 mg/L. Including the 27 mg/L 
value, the mean dissolved-bromide concentration for water from 
this well was 3.1 mg/L, and the mean dissolved-bromide 
concentration for water from all shallow wells upgradient from 
the landfill is 0.58 mg/L. The median values of 0.08 mg/L for 
well D3 and 0.04 mg/L for all shallow wells upgradient from the 
landfill are more typical of the dissolved-bromide concentrations 
in water from these wells and are more descriptive of the ambient 
concentrations in ground water in the study area.

Comparison of the shallow wells upgradient from the landfill 
and the deep wells indicates that thereiis not much difference 
between the median values of specific conductance, pH f and 
dissolved-bromide concentrations for these two groups. There was 
generally less dissolved oxygen in water from the deep wells than 
in water from the shallow wells upgradient from the landfill. 
Imbrigiotta and Martin (1981, p. 102) found oxidizing conditions 
in the shallow wells and reducing conditions in the deep wells 
during their study. Water from the deep wells had larger values 
of alkalinity than water from the shallow wells upgradient from 
the landfill, probably because the deep water has been in contact 
with the calcareous glacial sediments in the confined aquifer for 
a longer time than water in the shallow,unconfined aquifer.

It should be noted that water from|two deep wells, E3 and 
Ml, had larger specific-conductance values and dissolved-bromide 
concentrations compared to water from other deep wells. Water 
from well E3 had relatively large concentrations of dissolved 
bromide throughout the period of study. Concentrations of 
dissolved bromide in water from well Ml generally decreased 
during the study. These wells are nearer to the landfill than 
any of the other deep wells, and because the confining layer is 
absent in this area, these wells are affected by the plume of 
leachate caused by dissolution of soluble materials buried in the 
landfill. Therefore, wells E3 and Ml are not typical of the 
other deep wells in the study area.

Comparison of the shallow wells downgradient from the 
landfill and the other two groups of wells indicates a dif­ 
ference for most of the water-quality parameters that were 
measured. The median values of specific conductance and 
alkalinity and dissolved-bromide concentrations were larger 
in water from the shallow wells downgradient from the land­ 
fill than in water from shallow wells upgradient from the
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landfill or deep wells. Water from the shallow wells down- 
gradient from the landfill generally had smaller pH values than 
water from the two other groups of wells. The median dissolved- 
oxygen concentration in water from the shallow wells downgradient 
from the landfill was smaller than in water from shallow wells 
upgradient from the landfill but was about the same as in water 
from the deep wells.

The quality of water from shallow wells downgradient from 
the landfill indicates that soluble materials buried in the 
landfill are being dissolved and transported by the ground water. 
The specific conductance of water is proportional to the ionic 
concentration such that an increase in specific conductance 
indicates an increase in dissolved-solids concentration (Hem, 
1985, p. 66). Landfill leachate typically contains large 
concentrations of dissolved solids and can have small values of 
pH (Lu and others, 1985, p. 108). Values of ph were only 
slightly smaller in shallow wells downgradient from the landfill 
compared to shallow wells upgradient from the landfill and deep 
wells. Alkalinity concentrations were largest in shallow wells 
downgradient from the landfill, indicating that the sediments in 
the unconfined aquifer probably buffer the leachate and preclude 
extremely small pH values.

The effect of the landfill on water quality is defined 
further by dividing the shallow wells downgradient from the 
landfill into wells less than 0.5 mi directly downgradient from 
the landfill and wells more than 0.5 mi downgradient or not 
directly downgradient from the landfill. Shallow wells less than 
0.5 mi downgradient from the landfill are El, E2, 12, 13, M2, N, 
P, and Q. Shallow wells more than 0.5 mi downgradient or not 
directly downgradient are 51, Fl, Jl, J2, Kl, K2, and O. In this 
comparison, water from the wells nearest to the landfill had 
larger specific-conductance values and dissolved-bromide 
concentrations than water from wells farther from the landfill. 
The median specific conductance was 1,025 pS/cm, and the median 
dissolved-bromide concentration was 1.6 mg/L for water from wells 
less than 0.5 mi directly downgradient from the landfill compared 
to a median specific conductance of 623 yS/cm, and a median 
dissolved-bromide concentration of 0.12 mg/L for water from wells 
more than 0.5 mi downgradient from the landfill.

Distribution of Dissolved-Bromide Concentrations

Imbrigiotta and Martin (1981, p. 128) determined that 
bromide was the best indicator of landfill leachate in the study 
area. In addition to being present in relatively large 
concentrations in the landfill leachate compared to 
concentrations in the ambient ground water, bromide is 
conservative; that is, it is not affected greatly by chemical 
reactions or microbial activity as it moves along the ground-
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water flow path. Therefore, dissolved-bromide concentrations 
in the ground water in and downgradient from the landfill 
probably indicate the maximum extent of leachate migration 
from the landfill.

The dissolved-bromide-concentration values were plotted on 
maps and hydrogeologic sections and contoured to determine the 
areal and vertical distribution of bromide in the aquifers. At 
locations where more than one well was screened in an aquifer, 
the concentration plotted on the maps represents the maximum 
concentration detected in the aquifer at that location. Maps and 
sections from different sampling periods were compared to 
determine how the distribution of dissolved bromide changed 
during the study period. Dissolved-bromide concentrations for 
three sampling periods (1980, 1982, and 1988) were selected to 
describe changes in bromide distribution during 1980-89.

Maximum dissolved-bromide concentrations in water samples 
collected during November and December 1980 are shown on 
figure 9. The areal distribution of bromide concentrations 
follows the general direction of ground-water flow and indicates 
the presence of a leachate plume in and downgradient from the 
landfill. The largest concentrations of dissolved bromide were 
detected in water from well M2 (3.8 mg/L) in the landfill and in 
water from well E3 (3.3 mg/L), the downgradient well nearest to 
the landfill. The dissolved-bromide plume extended south of the 
landfill to a location between well sites I and K. Water from 
wells upgradient and downgradient from the landfill not affected 
by landfill leachate had dissolved-bromide concentrations that 
were generally less than 0.5 mg/L.

Dissolved-bromide concentrations in water samples collected 
during July and August 1982 (fig. 10) were generally the largest 
detected during the study period. The largest dissolved-bromide 
concentration was 4.7 mg/L, detected in!water from well Q. The 
dissolved-bromide plume extends south to well Kl where a 
dissolved-bromide concentration of 0.731mg/L was detected in 
water from the 62-ft deep well. In addition, a dissolved-bromide 
concentration of 1.7 mg/L was detected in water from well Jl, a 
40-ft deep well located near the area of industrial pumping. 
Dissolved-bromide concentrations in water from shallow wells at 
Jl, J2, Kl, and K2 ranged from not detected (less than 0.01 mg/L) 
to 1.7 mg/L during the study. Maximum concentrations of 1.7 mg/L 
in water from well Jl and 0.9 mg/L in water from well Kl were 
detected. These concentrations indicate that water from the 
landfill has reached these wells during!the study period. 
Although wells Jl and J2 are not directly downgradient from the 
landfill, industrial pumping near these|wells could draw the 
plume toward the area.

Dissolved-bromide concentrations in water samples collected 
from the unconfined aquifer in August 1988 (fig. 11) were 
generally the smallest detected during the study. The largest 
dissolved-bromide concentration was 3.1 mg/L, detected in water
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from well E3. Smaller dissolved-bromide concentrations in water 
from well Q compared to the concentrations in water from wells at 
sites E and I indicate a separation of, the dissolved-bromide 
plume south of the landfill. Similar plume separations were 
noted on dissolved-bromide-concentratibn maps drawn for sampling 
periods in 1983, 1984, 1986, 1987, and 1989. Dissolved-bromide 
concentrations in water from wells Kl and K2 were similar to 
those detected in water from these wells in 1980. Dissolved- 
bromide concentrations in water from wells Jl and J2 were larger 
than the dissolved-bromide concentrations detected in water from 
these wells in 1980 but smaller than those detected in 1982.

Dissolved-bromide concentrations were distributed vertically 
as well as horizontally in the aquifers. The vertical distribu­ 
tion of dissolved bromide for sampling periods in 1980, 1982, and 
1988 along the hydrogeologic section A-A 1 (fig. 5) from site M to 
site K, are shown on figures 12, 13, and 14. The relatively 
large concentrations of dissolved bromide that were detected in 
water from deep wells E3, for all sampling periods, and Ml, for 
the 1980 and 1982 sampling periods, indicate that water from the 
shallow portion of the aquifer has moved vertically downward 
beneath the landfill. From 1982 to 1988, dissolved-bromide 
concentrations generally decreased in water from well El (81 ft 
deep) and well E2 (17 ft deep), but remained about the same in 
water from well E3 (176 ft deep). Water containing dissolved 
bromide has also moved vertically downward in the unconfined 
aquifer downgradient from the landfill. Water from well 13 in 
the unconfined aquifer had dissolved-bromide concentrations 
larger than those in water from the shallower well 12. The 
downward movement of the leachate plume associated with the 
relatively large dissolved-bromide concentrations could be caused 
by downward hydraulic gradients between wells 12 and 13, by 
differences in density between the plume and the ambient ground 
water, or by dilution through recharge from above.

The variability of dissolved-bromide concentrations in water 
from individual wells depends on the position of the well in 
relation to the landfill. During the study, dissolved-bromide 
concentrations in individual wells exhibited one of three general 
patterns: (1) concentrations remained, the same, (2) concentra­ 
tions fluctuated, or (3) concentrations decreased. These 
patterns are illustrated by a graph ofi dissolved-bromide 
concentrations over time for wells Dl, E2, and Q (fig. 15).

Water from shallow wells upgradient from the landfill (such 
as Dl) and deep wells screened in the confined aquifer had 
dissolved-bromide concentrations that were generally similar 
throughout the study period (fig. 15). Dissolved-bromide 
concentrations in water from these wells were generally the 
smallest detected and represented natural or ambient 
concentrations in the ground water. The similar concentrations 
throughout the study period indicated that ambient concentrations 
were relatively stable, and the small concentrations indicated 
that these wells were not affected by the landfill.
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Figure 12.-Lithology and vertical distribution of concentrations of

dissolved bromide along hydrogeologic section A-A', November

and December 1980. Trace of section shown on figure 5.
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Water from shallow wells downgradient from the landfill, 
such as well Q, had dissolved-bromide concentrations that 
fluctuated during the period of study (fig. 15). The 
fluctuations indicate the variability of dissolved-bromide 
concentrations at any point in the leachate plume. The 
fluctuations could be caused by patterns of precipitation and 
recharge near the landfill. Specifically, more water could 
percolate through the landfill refuse during wet periods than 
during dry periods. The percolating water would be in contact 
with refuse material that generally is unsaturated and, 
therefore, could contain more soluble materials, including 
bromide, than refuse below the water table. It is reasonable to 
assume that large concentrations of dissolved solids would be 
found in the ground water downgradient from the landfill after a 
prolonged wet period. Conversely, dissolved-solids concentra­ 
tions would be small after a prolonged dry period if much of the 
soluble materials below the water table had already been removed.

Several wells near the landfill, such as E2, had water 
having dissolved-bromide concentrations that decreased during the 
study (fig. 15). The decrease in concentrations could indicate 
that the volume of soluble material in the landfill is decreasing 
or that recharge of fresh water from precipitation has depressed 
the zone of water containing bromide more deeply into the flow 
system. However, because of the fluctuation of dissolved-bromide 
concentrations in water from other wells downgradient from the 
landfill and because samples were collected only once each year, 
it is possible that dissolved-bromide concentrations in water 
from these wells also fluctuates, and the large concentrations 
were not detected because of the sampling frequency.

Movement of Water Containing Dissolved Bromide

The movement of water containing dissolved-bromide 
concentrations in the study area is characterized by downward 
vertical flow and by downgradient flow in the unconfined aquifer. 
The downward vertical flow is demonstrated by the relatively 
large concentrations detected in water from deep wells E3 and Ml. 
Relatively large concentrations of dissolved bromide were 
detected in water from all wells at sites E and M at the 
beginning of the study period. During the study, dissolved- 
bromide concentrations decreased in water from shallow wells El 
and E2 and deep well Ml. Dissolved-bromide concentrations in 
water from the deep well E3 and shallow well M2 remained 
relatively constant.

Downgradient flow of water containing dissolved bromide is 
shown by the relatively large concentrations in water from 
shallow wells that are downgradient from the landfill. The 
fluctuation of dissolved-bromide concentrations in water from 
these wells indicated that concentrations were variable in the 
leachate plume. Multiple-peak concentrations in water from 
shallow downgradient wells suggests that ground water having
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comparatively large dissolved-bromide concentrations may move in 
slugs in the direction of flow. The times of the peak 
concentrations for each well were compared to determine if the 
peaks corresponded to the downgradient distance of the well from 
the landfill. The relation between the time of each peak 
concentration and the downgradient distance was not well defined 
because of the multiple peaks and the sampling frequency; 
however, by using selected peak concentrations, it was possible 
to trace a slug of ground water having large dissolved-bromide 
concentrations moving in the direction of flow.

The rate of horizontal movement of dissolved bromide in the 
unconfined aquifer was estimated by means of selected peak 
concentrations of dissolved bromide in water from wells El, Q, 
and 13. These wells are progressively downgradient from the 
landfill and form a line that is nearly parallel with the 
direction of ground-water flow (fig. 7). Well El had a 
dissolved-bromide concentration of 4.2 mg/L in 1982, well Q had a 
dissolved-bromide concentration of 2.9 mg/L in 1986, and well 13 
had a dissolved-bromide concentration of 2.9 mg/L in 1988. 
Assuming that these peak concentrations represented a slug of 
ground water moving downgradient, the data could be used to 
estimate a rate of horizontal flow by dividing the distance 
between the wells by the length of time between peak 
concentrations. The rate of bromide movement was estimated to be 
1.1 ft/d between wells El and Q, and 1.7 ft/d between wells Q and 
13. The average rate of bromide movement over the entire 
distance from well El to 13 was estimated to be 1.2 ft/d.

The estimated rates of dissolved-bromide movement were 
compared to flow rates calculated according to Darcy's law by use 
of an assumed effective porosity of 25 percent, horizontal 
hydraulic conductivities of 80 and 400 ft/d, and the average 
horizontal hydraulic gradient between the wells. The results are 
listed in table 5. The values selected for hydraulic conductiv­ 
ity correspond to the average values calculated by Imbrigiotta 
and Martin (1981, p. 24) in sand and in sand and gravel from 
specific-capacity data of wells in the landfill area. The rates 
estimated from the time between peak concentrations are within 
the range of rates calculated with Darcy's law.

The estimated flow rates of ground water containing 
dissolved bromide are helpful in describing the movement of the 
bromide plume during the study period; however, caution should be 
used in attempting to project the arrival of a specific 
concentration of dissolved bromide at a specific well. For 
example, a rate of 1.2 ft/d over the distance from site I to 
site K would project that a dissolved-bromide concentration of 
about 2.0 mg/L that was detected in water from well 13 in 1980 
would have reached site K in 1985. The; largest dissolved-bromide 
concentration in water from shallow weMs at site K in 1985 was 
0.79 mg/L detected in water from well Rl. Dissolved-bromide 
concentrations in water from shallow wells at site K ranged from 
not detected (less than 0.01 mg/L) to 0.9 mg/L during the study.
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There are several explanations why larger concentrations of 
bromide have not been found at site K. Because samples were 
collected only once a year, it is possible that a larger 
concentration could have passed site K during the period between 
sample collections. The dissolved-bromide concentration of 
0.9 mg/L indicates that well Kl is screened in or near the plume 
of bromide but may not intercept the area of largest concentra­ 
tion in the plume. Large concentrations of dissolved bromide may 
not reach site K because they may be attenuated by the physical 
processes of advection, diffusion, and dispersion.

SUMMARY

Ground-water data were collected in northwestern Elkhart 
County from 1980-89 for a monitoring program that was designed to 
provide hydrologic information to water-resources managers for 
use in evaluating the ground-water resources in the area. The 
data included water levels measured twice a year in 68 wells and 
water-quality analyses of water from 32 wells for each year 
except 1981.

The city of Elkhart obtains its public water supply from 
sand and gravel outwash deposits along the St. Joseph River. In 
the study area, the outwash deposits consist of two layers of 
sand and gravel separated by a discontinuous layer of silt and 
clay. The silt and clay layer divides the outwash into an upper 
unconfined aquifer and a lower confined aquifer. The saturated 
thickness of the outwash deposits ranges from about 40 ft to more 
than 450 ft.

Flow in the aquifers is primarily horizontal and toward the 
streams. Near the streams, ground-water levels are higher than 
the stage of the stream, indicating thQt ground water discharges 
to the streams. No large differences in ground-water-flow 
patterns were determined during the stUdy. Measured ground-water 
levels ranged from about 6 ft above ground to about 29 ft below 
ground. The average depth to water was 10 ft. Water levels 
fluctuated seasonally and were generally highest in April and May 
and lowest in September and October. {The average water-level 
fluctuation for the entire study period was 4.8 ft. Water levels 
in the confined aquifer were generally higher than water levels 
in the unconfined aquifer except near areas of pumping. 
Horizontal and vertical hydraulic gradients were steepest near 
the streams and areas of pumping.

Ground-water samples collected during the study had a median
specific conductance of 516 yS/cm, a m edian ph of 7.6, a median
alkalinity concentration of 216 mg/L, and a median dissolved- 
bromide concentration of 0.08 mg/L. Comparison of wells grouped
according to their depth and position
industrial landfill, and the ground-water-flow system indicates 
that there is not much difference in water from shallow wells
upgradient from the landfill and deep
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physical properties and chemical constituents. Water from 
shallow wells downgradient from the landfill had larger specific- 
conductance values, alkalinity, and dissolved-bromide 
concentrations, and smaller pH values than water from shallow 
wells upgradient from the landfill and deep wells.

The distribution of dissolved-bromide concentrations in 
ground water in the study area was used to estimate the extent of 
the landfill's effect on water quality. Relatively large 
concentrations of dissolved bromide were detected in water from 
deep wells near the landfill, indicating that water containing 
dissolved bromide had moved vertically downward in the aquifer 
beneath the landfill. The distribution of water containing 
relatively large concentrations of dissolved bromide indicates 
the presence of a leachate plume that extends south of the 
landfill at least to site K. Although dissolved-bromide 
concentrations in water samples from the same well varied 
for different sampling periods, the distribution of water 
containing dissolved bromide did not change substantially 
during the study period.

Concentrations of dissolved bromide fluctuated in water from 
shallow wells downgradient from the landfill. The time of 
occurrence of selected peak concentrations of dissolved bromide 
in water from shallow wells downgradient from the landfill was 
used to estimate rates of horizontal flow of water in the 
unconfined aquifer. The rates ranged from 1.1 to 1.7 ft/d. The 
estimated flow rates were in the range of rates calculated 
according to Darcy's law and the average horizontal hydraulic 
gradient between wells.
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